Abstract: Climate-induced drought hazard has been emerging as one of the major challenges in the mid-hill farming system and rural livelihood in Nepal. Drought stress, in combination with century-long socio-political issues such as unequal social structure, gender discrimination, and marginalization of poor and disadvantaged groups have made smallholders more vulnerable in society. Climate changes are exacerbating issues within an already vulnerable society. Therefore, a review study on the impact of drought on the rain-fed hill farming system, and the potential adaptation measures, was carried out in the mid-hill region of western Nepal. Both agricultural impacts such as depletion of traditional varieties of crops, crop-specific diseases, low production, lack of water for irrigation; and non-agricultural impacts such as changing rural livelihood patterns, and social conflict due to agriculture and water issues were identified as major impacts. Some of the agricultural adaptation measures viz. the promotion of climate smart agriculture practices, crop diversification, and agroforestry practices seem to have been more effective in the region. At the same time, small-scale structural water harvesting measures, for instance, rainwater harvesting, conservation ponds, and irrigation channels, drip water irrigation, and an early warning system for drought events could also be an advantage in this context. Nonetheless, there are several adaptation barriers including ecological and physical constraints, human and information resource-shortages, and social barriers to adaptation. Therefore, local site-specific adaptation measures should be developed, and implemented, to increase the adaptive capacity of smallholders, and enhance the farming system in the face of the climate-induced drought scenario.
Introduction
Nepal is one of the most vulnerable countries with respect to climate change, due to greater warming in recent years than that of the global average. While there was 0.6 • C global mean surface temperature rise, from 1975 to 2005, Nepal experienced a considerably higher temperature rise of 1.5 • C (0.06 • C year −1 ) during a similar duration of time, from 1982 to 2006 [1] . Similarly, precipitation and the rainfall pattern are also becoming more erratic [2] . As a result, mean rainfall has been decreasing by 3.7 mm (−3.2%) per month, per decade [3] . These conditions have created a drought condition especially for the rain-fed hill farming system, where people depend on summer and winter rainfall for their major agricultural activities [4] . Moreover, the mean annual temperature is predicted to be increased between 1.3 • C to 3.8 • C by the 2060s, and 1.8 • C to 5.8 • C by the 2090s while annual precipitation reduction could be within the range of 10% to 20%, across the country [3] .
In Nepal, winter precipitation has almost declined to zero, and groundwater has hardly been replenished. This situation has created a critical condition for water resource management, for agriculture in western Nepal [2] . This is because of both natural variability and anthropogenic influences, such as the arctic oscillation inter-annual variation (and its decadal trends towards negative
Drivers of Vulnerabilities
The vulnerability of mid-hill farmers in Nepal has been explained as a susceptibility to harm from exposure to different environmental stress, especially drought and social stresses, as well as not having enough capacity to adapt [12] . Therefore, the driver of vulnerability must be developed and explained through an integrated approach of risk-hazard and social constructivist frameworks [13] [14] [15] .
From the risk-hazard point of view, continuing drought in the last decade has been a major factor in relation to the effects on the hill farming system, cropping pattern, and land productivity. This depoliticized approach does not incorporate the other socioeconomic factors of vulnerability but rather places more emphasis on technical kinds of solution. However, this remains dominant in the contemporary policy discourse. On the other hand, the social constructivist or political economy approach underscores the multiple causes rooted in the social structure as a major cause of vulnerability [15, 16] . In the particular case of the hill farming system, an integrated approach, involving both the risk-hazard and political ecology approaches (that their roots in "the geography of human ecology"), could well explain the vulnerability situation.
This reflects the interaction between climate variability and drought in the mid-hill, with long held deep-rooted unequal social structure in the society [17] . Recent climatic stresses have been exacerbating the vulnerability, due to nature and the frequency of hazards that are already in place in their social setting. Rather than using either first generation climate impact research, that considers climate change as an environmental problem, or the second generation of climate research, that looks at climate change as a societal problem [18] , the combined approach seems more appropriate in this case. However, the latter approach seems more relevant when it comes to adaptation.
Methods
The study is primarily based on a literature search in various web-based databases [19] , including Google Scholar, ISI Web of Science, Science Direct, and Scopus. The methodological approach is illustrated in Figure 1 . The search was focused on the drought impact and adaptation measures in agriculture of western Nepal. The key terms used during the search were "Drought" OR "Impact" OR "Adaptation" OR "Agriculture" OR "Nepal". Additionally, several kinds of word combinations were also used to find more articles ( Figure 1 ). First-round screening was done based on a quick review of title, abstract, and keywords in the articles. In addition to peer-reviewed articles, conference proceedings, technical reports, government publications, and book chapters were also used during the review process.
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Agricultural Impacts
Impact of drought in agriculture and hill farming system has been observed in various areas including production and productivity, food security, and cropping pattern. A series of drought events, observed since 1972, have contributed to loss of production and productivity of major crops such as rice, maize, wheat and millet, among others, which is presented in Table 1 . 
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Agricultural Impacts
Impact of drought in agriculture and hill farming system has been observed in various areas including production and productivity, food security, and cropping pattern. A series of drought events, observed since 1972, have contributed to loss of production and productivity of major crops such as rice, maize, wheat and millet, among others, which is presented in Table 1 . Table 1 illustrates the major drought events, possible causes of drought, and damage on important crops mainly rice, maize, wheat, and millet. However, this is not the comprehensive list, and some of the database might still be missing-the amount of crop data and area affected by drought could be even higher, as there is not proper comprehensive database on it. The major cause identified for the draught are late onsets of monsoon, poor distribution of rainfall, and reduced intensity of rainfall. For example, a delay in onset of monsoon possibly led to a delay in the sowing of rice, affecting the growth of maize, along with reducing the recharge of underground aquifer [5] . Because of the changes in water sources for agriculture, rain-fed farming practices are affected, production is reduced, and crop damage increases, especially in mid-hill region.
Changes in water sources, and their implication on farming system, have been reported on in the national climate change impact survey, from 2016 [20] . The survey result shows that 74.29% of total households observed changes in water sources, and 84.47% observed a decrease in amount of surface water. Likewise, the majority of households (74.56%) in mountain region reported surface water completely drying up, and a high percentage (48.81%) in hilly areas observed underground water sources dying up, due to insufficient rainfall [20] .
Impact on crop production and productivity, due to drought, might be explained as a result of declining availability of water for agricultural uses, hindrances in operation of conventional irrigation systems, decreasing efficiency of water use, increasingly degrading agricultural land, and epidemics of diseases and pests [5] . These were further exacerbated by the poor availability of quality planting materials and technologies. Consequently, reduced availability of soil moisture, crop failures, and reduced crop productivity were reported in the hilly region. For example, in the winter drought of fiscal year 2008/2009, some districts received less than half the average winter rainfall, and crop yields reduced by more than half. Wheat and barley production dropped by 14% and 17%, respectively, during that period [5, 21] . Some farmers have already abandoned some of their important traditional crops like rice, pulses, different cereal crops, tuber, and sweet potato-and have even abandoned agriculture on their land, which ends up becoming fallow. They cited that the lack of sufficient water, crop-specific diseases, low production, inadequate benefits, and unfavorable climate were the major reasons in this decision [7] .
For example, rice, a major crop in Nepal, requires sufficient irrigation and temperature for proper growth and production. A study by Karn [22] reveals that rice yields are most sensitive to increase in daytime maximum temperature. Up to a cut-off point of 29.9 • C, a 1 • C rise in daytime maximum temperature during the ripening phase increases rice harvest by 27 kg per hectare. However, the productivity declines and yields are harmed when daytime maximum temperature goes beyond 29.9 • C. In Nepal, the daily maximum temperature has already crossed the cut-off point in many cases. Further, Karn [22] has predicted of future changes of rice yield, using two different modeling efforts, based on the predicted rainfall and temperature in the future. First, rice yields will decline by 4.2 percent relative to current levels by 2100. Second, an estimated loss of rice yield ranging from 1.5 percent by year 2030, to 4.2 percent by 2060, and 9.8 percent by 2090. These findings are also in line with many other studies that have projected a loss of crop yields ranging from 3 to 30 percent in the future for the region [23, 24] .
Maize yield is also found to be affected by the intensity and duration of rainfall. According to Nayava and Gurung [25] , maize yield and production with relation to pre-monsoon rainfall (March-May) for the 1971-2008, showed that maize yield in Chitwan was badly affected in thirteen years particularly in the years, 1974, 1975, 1978, 1979, 1982, 1985, 1986, 1989, 1991, 1993, 1999, 2002, and 2005 . The pre-monsoon rainfall during those years was much lower than normal rainfall, showing that the impact of rainfall on maize yield and production is evident.
A study by UNDP [26] found that about 90% of crop loss in Nepal was caused by meteorological hazards such as drought, and floods. In this study, drought had the most severe impact on crops. Out of the 850,000 ha of crops that was lost due to weather and climate related events during 1971 and 2007, drought accounted for 38.9% [26] . Moreover, such disastrous impact on agriculture is on the rise dramatically, especially since 1990 [5] . As a result, about one-third of the household are facing food scarcity due to drought followed by hailstorm (26.1%), disease/insect (21.7%), sporadic rain (20.8%), and flood (15.5%) in the last five years [5, 20] .
Similarly, Bhatt et al. [27] have also reported clear evidence of negative impacts on rice, maize and wheat yields in Koshi hill of Nepal, due to warming of the mean temperature during the growing season. However, they even observed positive changes in rice and maize production, due to warming in comparatively high-elevation areas within the same region. The phenomenon of agro-ecological extension of some crops might have been explained, due to temperature rise and increased number of warmers days in high mountain areas. This requires favorable conditions, like sufficient water availability and the maintenance of soil fertility, in order to realize positive yields in a sustainable manner-but it is unlikely to have these favorable conditions up in the hill area throughout the year under the current climate change scenario. Instead increased temperature and rainfall variability and shifts in agro-ecological zones could contribute prolonged dry spells, and higher incidence of pest and diseases [5] . Therefore, the impact on crop and productivity is likely to be mostly negative endangering food security in the future if the current climatic scenario continues. Palazzoli et al. [28] have also found results that agree with this finding, in their study on climate impact on the future agricultural crops in the same region.
As a result of drought impact observed in the mid-hill region, changes in cropping patterns, species composition and season of plantation have also been reported in many parts of Nepal [4] .
Non-Agricultural Impacts
Climate-induced drought impact on agriculture does not only have an impact on crops and land productivity. It also has far-reaching implications on the socioeconomic aspect of the area and has a
devastating impact on overall rural livelihood because most of the rural livelihood depends on rain-fed subsistence agriculture [4] . Similarly, it has created a major source of uncertainty in food production in Nepal, while also creating social conflict due to agriculture and water use conflicts [4] .
Migration is another major cause, affecting agrarian livelihood indirectly related to climatic stress and agriculture production along with other factors. The increase in drought in agricultural lands can result in a chain of push factors in the rural area that affect livelihoods. For instance, drought decreases crop and livestock production, thereby giving rise to a loss in income and employment. This can push people to abandon agriculture work, and increase human mobility and out-migration [9] . As a patriarchal society, especially male people emigrate in search of job opportunities.
Furthermore, male out-migration, as an indirect consequence of both climate change and multiple political-economic stresses, has created a primary form of gendered vulnerability in an agrarian society [29, 30] . It increases women's workload, apart from their current productive and reproductive role. Despite the fact that migration is a common phenomenon in almost all socioeconomic groups, women from marginal farmers and tenant households are most vulnerable creating a stratified pattern of vulnerability. This is due to their limited range of adaptation options and vulnerability is already deeply embedded in the social structure itself. Moreover, they do not have sufficient land to meet subsistence needs, and in most cases do not have the land ownership rights as well which will hinder access to government services [31] . Moreover, most of the off-farm jobs are considered part of the male domain, and it is therefore hard to find work opportunities as a women. If women do find work, they are also often paid less. In addition, significant male-outmigration has created the feminization of agriculture in the regions [32] . Increased remittance flow has also changed the gender relation of society and power [29] .
Possible Adaptation Solutions
Rural communities in the mid-hill region have already perceived drought impact on their farmland and applied a range of possible agricultural and nonagricultural adaptation measures, based on their own indigenous knowledge and experience [33] . While designing possible adaptation strategies, the emphasis has been put on using available resources at the community and ecosystem level as a community using an (agro)ecosystem approach, among others.
Agricultural Adaptation
The promotion of climate smart agricultural practices, crop diversification and agroforestry practices seem to have been more effective in the region [4] . Farmers have switched from high water requiring crops, like rice, to low water requiring crops, such as maize. Even if farmers choose to plant rice, future agricultural research should focus on the development of drought-resistant varieties, as part of adaptation measures [22] . Similarly, millet is also found as one of the drought-resistant crops grown in Nepal, mostly in uplands regions under the rain-fed condition where it perform well even in low rainfall [34] .
Similarly, promoting crops less sensitive to uncertain rainfall such as ginger, turmeric, and peanut as cash crops is also equally important as an adaptation strategy. Likewise, the integration of agroforestry, promotion of mixed cropping, changing crops varieties, changing timing of crops, increased use of farm yard manure, organic farming, replacing failed crops, use of bio-pesticide, creating fallow fields and promotion of conservation agriculture, and crop-livestock integration are some other important adaptation strategies used by farmers [17] .
As part of climate smart agriculture practice, crop diversification, organic farming, and agroforestry practices have been carried out to fulfill the dual responsibility of food security, and livelihood support, while conserving soil and water resources. Ultimately, this creates new avenues to improve crop diversity, their productivity, sources of income, and environmental amelioration. However, there is a high potentiality of losing the traditional varieties of crops and cropping pattern, which the individual family and local society value the most. It might even create some types of resistance, especially from elder farmers, switching to a new form of farming, even though they have low returns from traditional crops in the face of drought impact. Similarly, conservation agriculture could also help maintain the moisture and crop productivity [35] .
Installation of an early warning system for drought events, rainwater harvesting, irrigation channels, conservation ponds, and low-cost soil conservation technologies, are also structural adaptation measures to combat the effect of drought in farming systems [4] . The typical case of drought impact on agriculture and adaptation practices in mustang district is presented in Box 1.
Box 1. Drought Impact and Adaptation Practices in Mustang District.
The Mustang district is one of the drought-affected districts of western Nepal, where average annual rainfall is 450 mL. During the last 30 years, the maximum temperature has risen from 21-22 • C to 25-26 • C. However, the rate of snowfall has decreased to only once or twice a year from 5-6 times, during the same period. Due to reduced snowfall and increased temperature, winter chills and snowfall (the main sources of water) have reduced. This has contributed to water shortages, which in turn have adversely affected agriculture production in the district. In addition, severe water scarcity could force the communities to abandon their settlement. As a prime apple production area of Nepal, farmers have realized the negative impacts mainly on apple farming in recent years, Furthermore, apples have not been getting the type of texture and color in the skin that was seen in the past, and even found diseases in apples. The result has been the decline in apple production in the lower region, and farmers have started destroying their apple orchards in some cases.
Adaptation Practices:
• Shift in apple farming from lower to higher altitudes. Due to the changing weather pattern, the lower region has become less suitable for apple farming, and the higher altitudes that used to be produce very little apple due to the cold weather are now considered suitable.
• Farmers in the higher altitude, which used to depend more on livestock and trade, are now developing apple orchards and nursery farms. • Construction of small ponds as water storage to cope with water scarcity for drinking and farming purpose.
•
The local institution of Subba, which is stricter and functioning well in Mustang villages, especially in lower Mustang, taking more interest in water management, water rationing, and developing ponds for water storage for irrigation and drinking purpose. 
Non-Agricultural Adaptation
The range of indicators that determine the goals of adaption, and their success, can only be understood in the social context in which adaptation takes place [37] , therefore other socioeconomic adaptation measures, which help combat the underlying causes of vulnerability and improve the adaptive capacity of farmers, must be considered. These include: (1) financial support to the farmers to carry out agricultural adaptation work or find an alternative source of livelihood; (2) off-farm employment opportunities; and (3) mainstreaming climate adaptation in development activities, through bottom-up participatory planning and implementation. Furthermore, (4) increased access of farmers to information, training, knowledge networks, and social organizations could also provide opportunities to enhance resilience and adaptive capacity; and (5) democratic and participatory governance, and local institutional development for adaptation, could also play a crucial role in enhancing the adaptive capacity of farmers. Similarly, (6) 
Overall, some of these measures are hard structural measures in nature, such as the construction of rainwater harvesting, a cemented conservation pond, and an irrigation channel. Whereas livelihood diversification and multiple cropping are soft adaptation measures.
Small-scale structural water harvesting measures, rainwater harvesting, conservation ponds, irrigation channels, drip water irrigation, and an early warning system for drought events could be a great asset to tackle the drought stress. These water harvesting measures and irrigation channels will improve crop yields, enrich soil moisture and ground water, and decrease soil loss and erosion, ultimately contributing to farmland productivity and even maintenance of agro-biodiversity to support local livelihood [38] . Reviving "dying" springs emanating naturally, from unconfined aquifers, could help to fulfill crop water requirements [39] . However, these structural measures require some capital investment, and farmers may find it difficult to manage on their own. If they could be initiated with support from government, or some other external agency in an attempt to increase the adaptive capacity of farmers, it would complement their aim of increasing crop yields and productivity to secure their livelihood.
Similarly, though most of the measures seem to be incremental in nature, measures involving switching one cropping pattern to another is a transformational measure. However, all the adaptation measures cannot be applied in every situation within the mid-hill farming system, and therefore proper attention has to paid for location-specific adaptation strategies [33] , based on the particular requirements and specificities of each particular area. NGOs and research institutions could carry out action research to find innovative and site-specific adaptation solution, and help them up-scale in similar localities [40] .
In addition, as vulnerability of farmers and their farmland is quite related to social, economic, and political factors operating in society, addressing these socio-ecological factors including institutional and governance issues, policy constraints, socio-cultural issues, can be important to achieve the overall adaptation goal. Similarly, migration as a form of mobility can be another potential adaptation measure. It ensures less vulnerability among farmers with access to asset and other opportunities to build up resilience and adaptive capacity [9] .
Adaptation Planning and Implementation
Climate adaptation planning involves cascading decisions from individuals, firms, and civil society to government bodies at the local, regional and national levels, and international agencies [24] . The Ministry of Agriculture Development with support from the District Level Agriculture Office will be primarily responsible for designing the agriculture-based adaptation strategy in terms of policy, and the annual program in Nepal. However, adaptation is also quite related to other sectors such as irrigation, development, forest, livestock, and society as well as other sectors. These need to have multi-disciplinary collaborations that include local organizations, the knowledge network, farmer groups, and other stakeholders.
When it comes to the success of adaptation measures, it should not be simply measured in terms of stated objectives, rather it should be assessed through broad principles of policy appraisal with due consideration of promoting equitable, effective, efficient, and legitimate action congruent with broader sustainability [41] .
Barriers to Adaptations
Major challenges to adaptation involve specifying clearly the adaptation goal, learning, and applying the analogy, and understanding which enables and/or constrains climate adaptation [18] . Major adaptation limitations and barriers in mid-hill regions can be categorized into three distinct, yet interrelated, groups. Firstly, ecological and physical constraints comprise the natural limit to adaptation. For instance, certain altitudes (or even temperatures or water availability) can be limits beyond which rice cannot not be grown. Secondly, human and information resource-based barriers exist due to a combination of knowledge, technological and financial constraints. For example, Environments 2018, 5, 101 9 of 12 these constraints include low level of awareness and information among policy makers about climate impacts, uncertainties about future climate projections and adaptation measures, and inadequate notions on adaptation intervention [42] . Thirdly, there are social barriers to adaptation, which are related to social characteristics that could influence or dictate adaptation options. These include cognitive (psychological) barriers, normative (cultural) barriers and institutional barriers [43] .
Farmers in the regions are diverse in terms of socioeconomic and technical attributes such as access to resources, access to services and facilities. In addition, the government does not have sufficient resources, which is why the solution requires a cautious and well-targeted adaptation approach through the identification and prioritization of appropriate adaptation measures [4] .
Rapidly changing socioeconomic contexts and climate change have influenced how the gender roles in rural livelihoods are created and reproduced, influencing the adaptation process [18] . With increased male outmigration, women have to hear the brunt of challenges of managing their farmland, adapting to climate change, and integrating into the social network, apart from managing household chores and developing their children. Though these all add more challenges for them, it has improved their decision-making process in society [44] . On the other hand, male out-migration to cope with drought in agriculture, and to diversify family income, has now become the trend in the stepping stone from agriculture to non-agricultural migration. For instance, poor people may move to a nearby city or to India, whereas middle class and rich people may emigrate to a middle income or a rich country. Once they start to send remittances back home, this becomes a stepping-stone to rural-urban migration, eventually semi-permanent to permanent and from agricultural to nonagricultural migration [9] . It has even challenged the contemporary human migration theories which revolve around socioeconomic factors but do not consider the linkage between environment and migration.
Though there are different public (local government and local agencies), private (private business and local organizations), and civic institutions (cooperatives, member organizations) [45] in the region working on adaptation issues, there does not seem to be adequate coordination in working on local level adaptation. Government agencies at the local level are supposed to work in collaboration to combat the impact of drought on agriculture, such as the district level agriculture office, forest office, water supply office, and social security office. However, they tend to work on a sectorial basis as per the program and directive of their respective ministries. Moreover, local government, in the form of rural municipalities and municipalities, has recently elected representatives that do not seem to introduce new ideas on adaptation issues. This can have profound implications on effective adaptation planning and implementation, coordinating other community-based groups for a collective response for adaptation, and coordination with decision makers in the district, province and central state level. Similarly, the National Adaptation Program of Action (NAPA) has also not given proper space to local government in the adaptation process, but has followed the sectoral approach to adaptation [46] . However, the Local Adaptation Plan of Action (LAPA) has recognized the role of local institutions in implementing the plan but the authorized coordinating body at the local level has only recently had a representative, so they are surrounded by several other important issues than that of adaptation planning and implementation.
Local knowledge also does not seem to have been incorporated into adaptation planning leading to fewer deliberations with local stakeholders while promulgating the adaptation policy, programs and actions [47] . Though the local level is critical in adaptation, actual adaptation requires measures carried out at different scales from national, regional to the local level [48] . Therefore, there needs to be a strong collaborative partnership between different institutions, not only to remove the barriers and enhance opportunities, but to harmonize the adaptation activities across scales and sectors to realize efficiency, efficacy and equitability of adaptation within and among societies [18] . Other institutional arrangements influencing adaptation decisions, notably the existing law and market mechanisms, should also be considered in adaptation planning.
Furthermore, here is a lack of understanding and a serious knowledge gap even among some of the policy makers on defining adaptation, whether it is agricultural or non-agricultural, and some perceive adaptation as a stand-alone approach which actually does not exist in practice. Therefore, mainstreaming climate adaptation into development either through technology, or a development-based view of adaptation [49] , across scales and sectors including agriculture. This can help reduce baseline vulnerability, and ensure long-term sustainability of climate resilient development and avoid maladaptation [50] .
Some farmlands in mid-hill are considerably vulnerable and no longer suitable for farming and living there. However, elder farmers, in particular, oppose the idea of moving to other places due to their entrenched cultural and emotional attachment to where they are. Similar situations have been reported from Kiribati [51] and Northern Burkina Faso, as a cultural barrier to adaptation [52] .
In a different context, given the series of disasters (drought, flood, earthquake), and the devastating earthquake in April 2015, farmers seem to have lost confidence, and are not prepared on their own to tackle this situation, given their poor asset base and limited livelihood opportunities.
Conclusions
The climate-induced drought hazard in Nepal Himalaya has far-reaching consequences, especially in the mid-hill farming system and rural livelihoods who dependent on it. An integrated approach based on a hazard and constructivist framework has identified the vulnerability of the farming system, due to both hazard and sociopolitical factors, and has helped identify a range of adaptation measures. These include climate-smart agriculture practices, along with other non-agricultural measures including mainstreaming climate adaptation and gender in the development process, and environmental migration, as a plausible adaptation measure. However, there are several barriers and uncertainties in this regard. Rather than the blanket approach of "one size fits all", even within the hill-farming system, local site-specific adaptation measures should be developed and implemented to prevent adaptation practices turning into malpractices and to increase the adaptive capacity of smallholders and the farming system.
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